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1 ADENOVIRUS E1B-55K SINGLE AMINO ACID MUTANTS 

2 AND METHODS OF USE 

3 Inventor(s): 

4 Yuqiao Shen 

5 Julie Nye 

6 Terry Hermiston 
7 

8 TECHNICAL FIELD 

9 The invention is in the field of cancer therapy and provides compositions of recombinant 

10 cytopathic adenoviruses that express mutant E1B-55K protein, and methods of using such adenoviruses for 

1 1 treating neoplastic disease. 

12 BACKGROUND 

13 From the early part of this century, viruses have been used to treat cancer. The approach has been 

14 two-fold; first, to isolate or generate oncolytic viruses that selectively replicate in and kill neoplastic cells, 

15 while sparing normal cells. Investigators initially used wild type viruses, and this approach met with some, 

16 albeit, limited success. While oncolysis and slowing of tumor growth occurred with little or no damage to 

17 normal tissue, there was no significant alteration in the course of the disease. See, Smith et al., Cancer 9: 

18 121 1-1218 (1956), Cassel, W. A. et al., Cancer 18: 863-868 (1965), Webb, H.E. et al., Lancet 1: 1206- 

19 1209 (1966). See, also, Kenney, S and Pagano, J. J. Natl. Cancer Inst., vol. 86, no. 16, p.l 185 (1994). 

20 More recently, and because of the reoccurrence of disease associated with the limited efficacy of 

21 the use of wild type viruses, investigators have resorted to using recombinant viruses that can be delivered 

22 at high doses, and that are replication competent in neoplastic but not normal cells. Such viruses are 

23 effective oncolytic agents in their own right, and further, can be engineered to carry and express a 

24 transgene that enhances the anti neoplastic activity of the virus. An example of this class of viruses is an 

25 adenovirus that is mutant in the E1B region of the viral genome. See, U. S. Patent 5,677, 178, and 

26 Bischoff, J. R., D. H. Kirn, A. Williams, C. Heise, S. Horn, M. Muna, L. Ng, J. A. Nye, A. Sampson- 

27 Johannes, A. Fattaey, and F. McCormick. 1996, Science. 274:373-6. 

28 The approach described in U.S. Patent No. 5,677,178, inventor, McCormick takes advantage of the 

29 loss of tumor suppressor proteins in cancer cells, particularly p53. A function of p53 is to inhibit the 

30 progression of mammalian cells through the cell cycle in response to DNA damage. The Elb-55K protein 

31 of wild-type adenovirus binds to p53 in adenovirus infected cells that exhibit p53 and produce a substantial 
**H&**H*ff*rH 32 inactivation of p53 function. Functional adenoviral Elb-55K protein is essential for efficient adenoviral 

33 replication in cells containing functional p53. Adenovirus mutants which substantially lack the ability to 

34 bind p53 are replication deficient in non-replicating, non-neoplastic cells having normal levels of 

35 functional p53. However, such adenoviral mutants exhibit a replication phenotype in cells which are 
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1 deficient in p53 function (for example, cells which are homozygous for substantially deleted p53 alleles, 

2 cells which comprise mutant p53 proteins which are essentially non-functional) and thus cause the death of 

3 such cells. 

4 There are several reports on adenoviral mutants which substantially lack the ability to bind p53 

5 resulting from a mutation in the El B-55K protein. Such viruses generally have some, or all of the El B- 

6 55K region deleted. 

7 U.S. Patent No. 5,677, 178, inventor, McCormick, describes, among other things, adenoviral 

8 mutants that lack a viral oncoprotein, that is E1B-55K protein or E4 orf6, capable of binding p53. 

9 U.S. Patent No. 6, 080, 578 describes, among other things, adenoviral mutants that have deletions 

10 in the region of the Elb-55K protein that is responsible for binding p53. 

1 1 There are several publications which suggest that in certain tumor cells which have p53 that the 

12 presence of p53 may not be predictive of the efficacy of an adenovirus that encodes an Elb-55K protein 

13 that is defective in binding p53. See, for example, Goodrum and Ornelles J. Virol. 1998, Vol. 72: 9479- 

14 9490; Hall, et al.,1998, Nat. Med. 4: 1068-1072; Hay, et al., 1999, Hum., Gene Ther. 10: 579-590; 

15 Rothmann, et al., 1998, J. Virol. 72: 9470-9478; and Turnell, et al., 1999, J. Virol. 73: 2074-2083. It is 

16 believed that in these cells that there is a defect in the p53 pathway, and thus such cells lack functional p53, 

17 and consequently also support replication of adenoviral mutants that encode an Elb-55K protein that is 

18 defective in binding p53. 

19 The adenoviral E1B-55K protein plays an important role during the productive infection of human 

20 adenovirus type 5 (Ad5). In the early phase of infection, E1B-55K forms a stable complex with p53 

21 (Sarnow, P., et al., Virology, 1982, vol. 120: p. 510-517), and inhibits p53-mediated transcriptional 

22 activation (Yew, P.R. and A.J. Berk, Nature, 1992, vol. 357: p. 82-85; and Yew, P. R., et al., Genes Dev.., 

23 1994, vol. 8: 1994). Furthermore, E1B-55K and another adenoviral protein, E4orf6, co-operate to relocate 

24 p53 to the cytoplasm for active degradation (Querido, E., et al., J. Virol. 1997, vol. 71: p. 3788-3798; Roth, 

25 J. et al., J. Virol. 1998; vol. 72: p. 85 10-8516; and Steegenga, W. T., et al., Oncogene, 1998, vol. 16: p. 

26 349-357). This inactivation of p53 is critical for the replication of adenovirus, which requires cells to enter 

27 S phase. During the late phase of infection with Ad5, viral mRNAs are selectively exported to the 

28 cytoplasm and are efficiently translated, while the nucleocytoplasmic transport of most host cell mRNAs is 

29 inhibited (Beltz, G. A. and S. J. Hint, J. Mol. Biol., 1979, vol. 131: p. 353-373; Babiss, L., et al., Mol. 

30 Cell. Biol., 1985, vol. 5: p. 2552-2558; Pilder, S., et al., Mol. Cell. Biol., 1986: vol. 6: p. 470-476). This 

31 selective accumulation of viral mRNAs during the late phase of infection is mediated by a protein complex 

32 that includes E1B-55K and E4orf6 (Sarnow,. P., et al., J. Virol., 1984, vol. 49: p. 692-700; and Halbert, et 

33 al., J. Virol., 1985, vol. 56: p. 250-257; and, Bridge, E. and G. Ketner, Virology, 1990, vol. 174: p. 345- 

34 353) This complex actively shuttles between the nucleus and the cytoplasm, serving as a 



ONYXI047/Specificaiion/1047-USI 



2 



Attorney Docket: ONYX1047-US 

1 nucleocytopiasmic transporter for viral mRNAs (Dobbelstein, M. eta]., EMBO J., 1997, vol. 16: p. 4267- 

2 4284). 

3 In clinical trials that are still ongoing, an adenovirus mutant, ONYX-015, that lacks the ability to 

4 bind p53 has been shown to be biologically active and cause partial tumor necrosis in head and neck 

5 cancer. ONYX-015, originally named dl 1520, is a mutant adenovirus that does not express the E1B-55K 

6 protein (Barker, D.D. and A. J. Berk, Virology, 1987, vol: 156: p. 107-121). This virus contains a stop 

7 codon immediately following the translation initiation codon ATG, plus a large deletion of the E1B-55K 

8 coding sequence. These mutations result in the complete abrogation of E1B-55K expression but do not 

9 alter the expression of the E1B-19K protein encoded in an overlapping open reading frame. Consequently, 

10 this virus lacks the ability to bind and inactivate p53, allowing it to replicate substantially selectively in 

1 1 tumor cells that are defective in p53 function but not in normal cells where p53 function is normal 

12 (Bischoff, J. R., et a]., Science, 1996, vol. 274: p. 373-376; and, Heise, C, et al., Nat. Med., 1997, vol. 3: p. 

13 639-645). This forms the foundation of utilizing ONYX-015 as an anti-tumor agent. 

14 While the lack of E1B-55K function in ONYX-015 permits viral replication in tumor cells that 

15 lack p53 function, the virus is also defective in cytoplasmic accumulation of the viral late mRNAs, host 

16 cell shut-off, and translation of late mRNAs. Thus, the mutation in ONYX-015 compromises the ability 

17 of the mutant virus to reproduce itself in tumor cells. As such, it would be highly desirable to create an 

18 E1B-55K mutant that fails to bind and inactivate p53, yet is still capable of performing the late viral 

19 functions. Such a mutation would allow the virus to replicate selectively in cells that are deficient in p53 

20 function without compromising the efficiency of the virus to replicate in tumor cells. The present invention 

21 fulfills these and other needs. 

22 The references discussed herein are provided solely for their disclosure prior to the filing date of 

23 the present application. Nothing herein is to be construed as an admission that the inventors are not 

24 entitled to antedate such disclosure by virtue of prior invention. 

2 5 SUMMARY OF THE INVENTION 

26 The present invention provides a novel class of E1B-55K adenoviral mutants and methods of 

27 making and using the same to ablate neoplastic cells. 

28 Another aspect of the invention described herein is a description of E1B-55K adenoviral mutants 

29 which are substantially incapable of binding the tumor suppressor, p53, yet retain certain of the viral 

30 functions associated with wild type adenovirus. 

3 1 A further aspect of the invention is the description of E1B-55K adenoviral point mutants that are 

32 mutated in the region of E1B-55K that binds the tumor suppressor p53 thus rendering such mutated protein 

33 substantially incapable of binding p53, yet retain certain of the replicative functions associated with wild 

34 type adenovirus. 
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1 Another aspect of the invention is a method for selectively and substantially ablating neoplastic 

2 cells in a cell population consisting of normal and neoplastic cells with an E1B55K adenoviral point 

3 mutants that are mutated in the region of 55K. Such mutants either lack a single amino acid that binds the 
tumor suppressor p53, or such amino acid is substituted with another amino acid that does not bind p53. 

5 Regardless, such mutants retain certain of the replicative functions associated with wild type adenovirus 

6 A further object of the invention is the description of a method for treating neoplasia consisting of 

7 administering to a patient in need of such treatment an E1B-55K adenoviral point mutant that is mutated in 

8 the region of 55K that binds the tumor suppressor p53, yet retain certain of the replicative functions 

9 associated with wild type adenovirus in combination with chemotherapy. 

10 These and other objects of the present invention will become apparent to one of ordinary skill in 

1 1 the art upon reading the description of the various aspects of the invention in the following specification. 

12 The foregoing and other aspects of the present invention are explained in greater detail in the drawings, 

1 3 detailed description, and examples set forth below. 

14 BRIEF DESCRIPTION OF THE DRAWING 

15 Figure 1. Effects of E1B-55K mutations on p53 accumulation and viral gene expression. A549 

1 6 cells were either mock infected or infected with dl309, WtD, ONYX-0 1 5 or viruses expressing various 

17 E1B-55K mutants. All infections were performed at MOI of 10. Cell extracts were prepared at 24 hours 

18 post infection (hpi) and separated by SDS-PAGE. Steady-state levels of E1B-55K mutants, p53, E2A and 

19 fiber were determined by Western blotting with monoclonal antibodies 2A6, DO-1 , B6-6, and a polyclonal 

20 antibody against fiber, respectively. Blots were visualized with ECL, as described in the Examples. 

21 Figure 2. Binding of p53 by El B-55K mutants. (AandB). Co-immunoprecipitation experiment. 

22 A549 cells were either mock infected or infected with various virus mutants at an MOI of 10. At 24 hpi, 

23 cells were labeled with [35S] methionine-cysteine for a 3-h period. Cell extracts were immunoprecipitated 

24 with anti-p53 antibody Ab421 (A) or anti-ElB-55K antibody 2A6 (B), and analyzed by SDS-PAGE as 

25 described in Materials and Methods. E1B-55K mutant R240A was expressed from ONYX-051 and 

26 H260A was expressed from ONYX-053. (C and D). In- vitro binding experiment. p53 was synthesized 

27 and radioactively labeled with [35S] methionine by in vitro transcription and translation. Lysates were 

28 prepared from infected A549 cells at 24 hpi without radioactive labeling, incubated with radio-labeled p53, 

29 and immunoprecipitated with 2A6 antibody. The precipitated materials were separated by SDS-PAGE, 

30 and visualized either directly by autoradiography (C) or by Western blotting with 2A6 antibody (D). 

31 Figure 3. Indirect immunofluorescent staining of adenovirus- and mock-infected cells. A549 

32 cells grown on chamber slides were infected with dl309, ONYX-015, 051, 052 or 053 at an MOI of 10, or 

33 mock infected. At 24 h post-infection, the cells were fixed, permeabilized, and analyzed by indirect 

34 immunofluorescent staining using the ElB-55Kspecific monoclonal antibody 9C10 (alphaElB), p53- 
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1 specific monoclonal antibody DO-1 (alphap53), and E4orf6-specific polyclonal antibody 1807-3 

2 (alphaE4). Representative fields are shown for all cases. 

3 Figure 4. Replication of dl309, ONYX-015, 051 and 053 as a function of time postinfection in 

4 p53-null HI 299 cells at 32°C and 39°C HI 299 cells were infected at two temperatures, 32°C and 39°C. 

5 Infections at 32°C were performed one hour after the temperature shift from 39°C. All infections were 

6 performed at an MOI of 5. Infected cells were incubated at 32°C and 39°C, respectively. At the indicated 

7 times, infected cells and culture media were harvested, pooled, and freeze-thawed 3 times to release virus 

8 particles. Viral yields were determined by ELISA on 293 cell monolayer. Total viral yields were divided 

9 by the number of cells at the time of infection to determine viral production per cell. Results are the 

10 average from two independent experiments. 

1 1 Figure 5. Protein expression during the late phase of adenovirus infection. A549 cells were either 

12 mock infected or infected with various adenovirus mutants at an MOI of 10. At 24 h post-infection, cells 

13 were labeled with [35S] methionine-cysteine for a 3 hour period. Cell extracts were resolved by 4-20% 

14 SDS-PAGE gradient gel. The positions of the molecular mass markers are indicated at the left. 

15 Figure 6. Cytolytic activity in tumor cells. DU145 and U20S cells were seeded into 96-well 

16 plates at a density of 2.5 x 10 3 cells/well using DMEM-High Glucose supplemented with 2% FBS, 2 mM 

17 L-Glutamine, 100 ug/ml none-essential amino acids, 10 U/ml penicillin and 10 ug/ml streptomycin. 

18 Twenty-four hours after seeding, cells were infected with serial 3-fold dilutions of E1B-55K mutant 

19 viruses, starting at an MOI of 30. d!309 and ONYX-015 were included as controls. The MOIs that killed 

20 50% of the cells were defined as IC50, and were plotted for each virus. 

21 DETAILED DESCRIPTION OF THE INVENTION 

22 AH publications and patent applications mentioned in this specification are herein incorporated by 

23 reference to the same extent as if each individual publication or patent application was specifically and 

24 individually indicated to be incorporated by reference. 

25 Definitions 

26 Unless defined otherwise, all technical and scientific terms used herein have the same meaning as 

27 commonly understood by one of ordinary skill in the art to which this invention belongs. Generally, the 

28 nomenclature used herein and the laboratory procedures described below are those well known and 

29 commonly employed in the art. Standard techniques are used for recombinant nucleic acid methods, 

30 polynucleotide synthesis, and microbial culture and transformation (e.g., electroporation, lipofection). 

3 1 Generally enzymatic reactions and purification steps are performed according to the manufacturer's 

32 specifications. The techniques and procedures are generally performed according to conventional methods 

33 in the art and various general references (see generally, Sambrook et ai, Molecular Cloning: A Laboratory 

34 Manual, 2ncL edition ( 1 989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., which is 

35 incorporated herein by reference) which are provided throughout this document. The nomenclature used 
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herein and the laboratory procedures in analytical chemistry, organic synthetic chemistry, and 
pharmaceutical formulation described below are those well known and commonly employed in the art. 
Standard techniques are used for chemical syntheses, chemical analyses, pharmaceutical formulation and 



4 delivery, and treatment of patients. 



As employed throughout the disclosure, the following terms, unless otherwise indicated, shall be 

6 understood to have the following meanings: 

7 The term "adenovirus" indicates over 40 adenoviral subtypes isolated from humans, and as many 

8 from other mammals and birds. See, Strauss, "Adenovirus infections in humans," in The Adenoviruses . 

9 Ginsberg, ed., Plenum Press, New York, NY, pp. 451-596 (1984). The term preferably applies to two 

10 human serotypes, Ad2 and Ad5. 

1 1 Bv "mutation" or "mutant" in the context as referred to herein relating to the adenoviral E1B-55K 

12 protein means a deletion or substitution of single amino acids which deletion or substitution causes a 

13 substantial loss in the binding activity of E1B-55K to the tumor suppressor, p53. 

14 The terms "early" and "late"as referred to the expression of Ad genes means those genes expressed 

15 during the early and late phase of the virus life cycle. Early genes are those transcribed prior to replication 

16 of the genome while late genes are transcribed after replication. The early genes comprise Ela, Elb, E2a, 

17 E2b, E3 and E4. The Ela gene products are involved in transcriptional regulation; the Elb gene products 

18 are involved in the shut-off of host cell functions and mRNA transport. E2a encodes the a DNA-binding 

19 protein (DBP); E2b encodes the viral DNA polymerase and preterminal protein (pTP). The E3 gene 

20 products are not essential for viral growth in cell culture. The E4 region encodes regulatory proteins 

21 involved in transcriptional and posi-transcriptional regulation of viral gene expression; a subset of the E4 

22 proteins 

23 are essential for viral growth. The products of the late genes (e.g., LI -5) are predominantly components of 

24 the virion as well as proteins involved in the assembly of virions. 

25 "Neoplastic cells" or "neoplasia" refer to cells which exhibit relatively autonomous growth, so that 

26 they exhibit an aberrant growth phenotype characterized by a significant loss of control of cell 

27 proliferation. Neoplastic cells comprise cells which may be actively replicating or in a temporary non- 
28 replicative resting state (Gi or G 0 ); similarly, neoplastic cells may comprise cells which have a well- 

29 differentiated phenotype, a poorly-differentiated phenotype, or a mixture of both type of cells. Thus, not 

30 all neoplastic cells are necessarily replicating cells at a given timepoint. The set defined as neoplastic cells 

31 consists of cells in benign neoplasms and cells in malignant (or frank) neoplasms. Herein frankly 

32 neoplastic cells are frequently referred to as cancer, or cancer cells, typically termed carcinoma if 

33 originating from cells of endodermal or ectodermal histological origin, or sarcoma if originating from cell 

34 types derived from mesoderm. Included within the definition of neoplastic cells are cells that lack p53 
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1 function, but are not frankly neoplastic. See, U. S. Patent No. 5, 677, 178. Examples of cells in the later 

2 category would be cells associated with Barrett's syndome, or leukoplakia. 

3 "Physiological conditions," or "physiological solution" refers to an aqueous environment having 

4 an ionic strength, pH, and temperature substantially similar to conditions in an intact mammalian cell or in 

5 a tissue space or organ of a living mammal. Typically, physiological conditions comprise an aqueous 

6 solution having about 150 mM NaCl, pH 6.5-7.6, and a temperature of approximately 22-37° C. 

7 Generally, physiological conditions are suitable binding conditions for intermolecular association of 

8 biological macromolecules. For example, physiological conditions of 150 mM NaCl, pH 7.4, at 37°C are 

9 generally suitable. 

10 As used herein, the terms "label" or "labeled" refers to incorporation of a detectable marker, e.g., 

1 1 by incorporation of a radiolabeled amino acid or attachment to a polypeptide of biotinyl moieties that can 

12 be detected by marked avidin (e.g., streptavidin containing a fluorescent marker or enzymatic activity that 

13 can be detected by optical or colorimetric methods). Various methods of labeling polypeptides and 

14 glycoproteins are known in the art and may be used. Examples of labels for polypeptides include, but are 

15 not limited to, the following: radioisotopes (e.g., 3 H, ,4 C, 35 S, ,25 I, l3I I), fluorescent labels (e.g., FITC, 

16 rhodamine, lanthanide phosphors), enzymatic labels (e.g., horseradish peroxidase, b-galactosidase, 

17 luciferase, alkaline phosphatase), chemiluminescent, biotinyl groups, predetermined polypeptide epitopes 

18 recognized by a secondary reporter (e.g., leucine zipper pair sequences, binding sites for secondary 

19 antibodies, metal binding domains, epitope tags). In some 

20 embodiments, labels are attached by spacer arms of various lengths to reduce potential steric hindrance. 

21 Chemistry terms herein are used according to conventional usage in the art, as exemplified by The 

22 McGraw-Hill Dictionary of Chemical Terms (ed. Parker, S., 1985), McGraw-Hill, San Francisco, 

23 incorporated herein by reference. 

24 In the formulae representing selected specific embodiments of the present invention, the amino- 

25 and carboxy-terminal groups, although often not specifically shown, will be understood to be in the form 

26 they would assume at physiological pH values, unless otherwise specified. Thus, the N-terminal H 2 ^ and 

27 C-terminal-O" at physiological pH are understood to be present though not necessarily specified and 

28 shown, either in specific examples or in generic formulas. In the polypeptide notation used herein, the left 

29 hand end of the molecule is the amino terminal end and the right hand end is the carboxy-terminal end, in 

30 accordance with standard usage and convention. Of course, the basic and acid addition salts including 

31 those which are formed at non-physiological ph values are also included in the compounds of the 

32 invention. The amino acid residues described herein are preferably in the "L" isomeric form. 

33 Stereoisomers (e.g., D-amino acids) of the twenty conventional amino acids, unnatural amino acids such as 

34 a,a-distributed amino acids, N-alkyl amino acids, lactic acid, and other unconventional amino acids may 

35 also be suitable components for polypeptides of the present invention, as long as the desired functional 



ONYXI047/Specification/!047-USI 



7 



Attorney Docket: ONYXI047-US 

1 property is retained by the polypeptide. For the peptides shown, each encoded residue where appropriate is 

2 represented by a three letter designation, corresponding to the trivial name of the conventional amino acid, 

3 in keeping with standard polypeptide nomenclature (described in J. Biol. Chem., 243:3552-59 (1969) and 

4 adopted at 37 CFR § 1 .822(b)(2)). Free functional groups, including those at the carboxy- or amino- 

5 terminus, referred to as non interfering substituents, can also be modified by amidation, acylation or other 

6 substitution, which can, for example, change the solubility of the compounds without affecting their 

7 activity. 

8 The term "polynucleotide" as referred to herein means a polymeric form of nucleotides of at least 

9 10 bases in length, either ribonucleotides (RNA) or deoxynucleotides (DNA) or a modified form of either 

10 type of nucleotide. The term includes single and double stranded forms of DNA. 

1 1 The term "oligonucleotide" referred to herein includes naturally occurring, and modified 

12 nucleotides linked together by naturally occurring, and non-naturally occurring oligonucleotide linkages. 

13 Oligonucleotides are a polynucleotide subset with 200 bases or fewer in length. Preferably 

14 oligonucleotides are 10 to 60 bases in length. Oligonucleotides are usually single stranded, e.g. for probes; 

15 although oligonucleotides may be double stranded, e.g for use in the construction of a gene mutant. 

16 Oligonucleotides of the invention can be either sense or antisense oligonucleotides. The term "naturally 

17 occurring nucleotides" referred to herein includes deoxyribonucleotides and ribonucleotides. The term 

18 "modified nucleotides" referred to herein includes nucleotides with modified or substituted sugar groups 

19 and the like known in the art. 

20 DNA regions are operably linked when they are functionally related to each other. For example: a 

21 promoter is operably linked to a coding sequence if it controls the transcription of the sequence; a 

22 ribosome binding site is operably linked to a coding sequence if it is positioned so as to permit translation. 

23 Generally, operably linked means contiguous and, in the case of leader sequences, contiguous and in 

24 reading frame. 

25 All nucleotide sequences follow standard notation, and are in the 5* to 3 ? orientation. 

26 The term "functionally equivalent codon" refers to codons that encode the same amino acid, and 

27 further refers to codons that encode biologically equivalent amino acids Table 1 shows such codons, as 

28 well as the single and triple letter abbreviations for the 20 common amino acids. 
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TABLE 1. Functionally Equivalent Codons. 



2 


Amino Acids 






Codons 


3 


Alanine 


Ala 


A 


GCA GCC GCG GCU 


4 


Cysteine 


Cys 


C 


UGC UGU 


5 


Aspartic acid 


Asp 


D 


GAC GAU 


6 


Glutamic acid 


Glu 


E 


GAA GAG 


7 


Phenylalanine 


Phe 


F 


UUC UUU 


8 


Glycine 


Gly 


G 


GGA GGC GGG GGU 


9 


Histidine 


His 


H 


CAC CAU 


10 


Isoleucine 


He 


I 


AUA AUC AUU 


11 


Lysine 


Lys 


K 


AAA AAG 


12 


Leucine 


Leu 


K 


AAA AAG 


13 


Methionine 


Met 


M 


AUG 


14 


Asparagine 


Asn 


N 


AAC AAU 


15 


Proline 


Pro 


P 


CCA CCC CCG CCU 


16 


Glutamine 


Gin 


Q 


CAA CAG 


17 


Arginine 


Arg 


R 


AGA AGG CGA CGC CGG CGU 


18 


Serine 


Ser 


S 


AGC AGU UCA UCC UCG UCU 


19 


Threonine 


Thr 


T 


ACA ACC ACG ACU 


20 


Valine 


Val 


V 


GUA GUC GUG GUU 


21 


Tryptophan 


Trp 


W 


UGG 


22 


Tyrosine 


Tyr 


Y 


UAC UAU 



23 

24 For a general description of adenovirus biology, which may be referred to for guidance see, 

25 Virology , Second edition, eds., Fields BN and Knipe DM, Vol.2, pp. 1651-1740, Raven Press, New York, 

26 NY, incorporated herein by reference,. The following specific descriptions refer to, but are not limited to, 

27 adenovirus serotype 5 and adenovirus serotype 2. Although it is believed that other adenoviral serotypes 

28 may be used, adenovirus type 5 provides a common reference point for the nucleotide numbering 

29 convention of viral polynucleotides and amino acid numbering of viral-encoded polypeptides of the Ela 

30 viral gene region, and other viral genes. Adenovirus type 2 provides a convenient reference for the 

31 numbering convention of the El b viral gene region, and other viral gene regions. It is believed that those 

32 of skill in the art will readily identify the corresponding positions in other adenoviral serotypes. 

33 A function of the cellular phosphoprotein p53 is to inhibit the progression of mammalian cells 

34 through the cell cycle. Wild-type adenovirus Elb p55 protein binds to p53 in infected cells that have p53 

35 and produce a substantial inactivation of p53 function, likely by sequestering p53 in an inactive form. 
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1 Functional Elb p55 protein is essential for efficient adenoviral replication in cells containing functional 

2 p53. Hence, adenovirus variants which substantially lack the ability to bind p53 are replication deficient in 

3 non-replicating, non-neoplastic cells having normal levels of functional p53. 

4 Human tumor cells frequently are homozygous or heterozygous for mutated (e.g., substitution, 

5 deletion, frameshift mutants) p53 alleles, and lack p53 function necessary for normal control of the cell 

6 cycle (Hollstein et al. (1991) Science 253: 49; Levine et al. (1991) op.cit. , incorporated herein by 

7 reference). Thus, many neoplastic cells are p53 ( > , either because they lack sufficient levels of p53 protein 

8 and/or because they express mutant forms of p53 which are incapable of substantial p53 function, and 

9 which may substantially diminish p53 function even when wild-type p53 may be present (e.g., by 

10 inhibiting formation of functional multimers). Some neoplastic cells may comprise alleles encoding 

1 1 essentially wild-type p53 proteins, but may comprise a second site mutation that substantially abrogates 

12 p53 function, such as a mutation that results in p53 protein being localized in the cytoplasm rather than in 

13 the nucleus; such second site mutants also substantially lack p53 function. 

14 It is believed that replication deficient adenovirus species which lack the capacity to complex p53 

15 but substantially retain other essential viral replicative functions will exhibit a replication phenotype in 

16 cells which are deficient in p53 function (e.g., cells which are homozygous for substantially deleted p53 

17 alleles, cells which comprise mutant p53 proteins which are essentially nonfunctional) but will not 

18 substantially exhibit a replicative phenotype in non-replicating, non-neoplastic cells. Such replication 

19 deficient adenovirus species are referred to herein for convenience as Elb-p53 ( ) replication deficient 

20 adenoviruses. 

21 A particular class of Elb-p53 () replication deficient adenoviruses contains a stop codon 

22 immediately following the translation initiation codon ATG, plus a large deletion of the E1B-55K coding 

23 sequence. These mutations result in the complete abrogation of E1B-55K expression, and an example of 

24 this type of virus is ONYX-015, originally named dll520 (Barker, DD, 1988). 

25 This type of vector is defective in cytoplasmic accumulation of the viral late mRNAs, host cell shut-off, 

26 and translation of late mRNAs, thus compromising the ability of the mutant virus to reproduce itself to 

27 high levels. Thus, it is desirable to create an E1B-55K mutant that fails to bind and inactivate p53, yet is 

28 still capable of performing the late functions. Such a mutation would allow the virus to replicate robustly 

29 and selectively in cells that are deficient in p53 function without compromising the efficiency of the virus 

30 to replicate in tumor cells. 

31 A basis of the present invention is that the regions of the E1B-55K protein that mediate these 

32 functions appear to overlap with one another. The region of E1B-55K that mediates its interaction with 

33 p53 has been mapped to amino acid 224 to 354 (Kao, C C. et al., Virology, 1990, vol. 179: p. 806-814; 

34 and, Yew, P. R., et al., Virology, 1990, vol. 179: p. 795-805). The same region appears to be critical for 

35 ElB-55K's ability to mediate mRNA transport. The regions required for E4orf6 binding (Rubenwolf, S., 
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1 et aL, J. Virol., 1997, vol. 71: p. 1 1 15-1 123), the regions required to bind E IB- AP5, a cellular protein 

2 implicated in nucleocytoplasmic transport (Gabler, S., et al., J. Virol., 1998, vol. 72: p. 7960-7971), and 

3 the regions of E 1B-55K that have RNA binding capability (Horridge, J. J. and K. N. Leppard, J. Virol., 

4 1998, vol. 72: p. 9374-9379) all partially overlap with the region required for p53 binding. Thus far, all 

5 efforts to separate the p53 binding/inactivation and the late functions of the protein have been 

6 unsuccessful. 

7 To separate the p53 binding/inactivation function and the late functions of the E1B-55K protein, 

8 we have generated single amino acid mutations in the E1B-55K protein in the region of EIB-55K that 

9 mediates its interaction with p53, or amino acids 224 to 354 and other regions. (Kao, C C. et al., Virology, 

10 1990, vol. 179: p. 806-814; and, Yew, P. R., et al., Virology, 1990, vol. 179: p. 795-805). These mutations 

1 1 were then characterized relative to ONYX 015 or wild type adenovirus for their ability to modulate p53 

12 level/activity, interact with the E4orf6 protein, mediate viral late gene expression, and support viral 

13 replication in human cancer cells. 

14 Construction of Adenovirus E1B-55K Mutants 

15 Methods for the construction of adenoviral mutants are generally known in the art. See, Mittal, S. 

16 K., Virus Res. ,1993, vol: 28, pages 67-90; and Hermiston, T. et ah, Methods in Molecular Medicine: 

17 Adenovirus Methods and Protocols, W.S.M. Wold, ed, Humana Press, 1999. Further, the adenovirus 5 

1 8 genome is registered as Genbank accession #M73260, and the virus is available from the American Type 

19 Culture Collection, Rockville, Maryland, U. S. A., under accession number VR-5. 

20 Generally, adenovirus vector construction involves an initial deletion or modification of a desired 

21 region of the adenoviral genome, preferably the Ad5 genome, in a plasmid cassette using standard 

22 techniques. 

23 Certain of the materials and methods used to construct adenovirus mutants are described by 



24 Hanke, T., et. al. (1990) Virology, vol. 177, pages 437-444, and Bett, A. J., et. al., (993) J. Virol, vol. 67, 

25 pages 591 1-5921, and in PCT/CA96/00375. Microbix Biosystems, Inc., located at 341 Bering Avenue, 

26 Toronto, Ontario Canada, sells many of the materials used to construct adenovirus mutants, and provides 

27 Product Information Sheets on how to make them. See also, Hermiston, T. et al., Methods in Molecular 

28 Medicine: Adenovirus Methods and Protocols, W.S. Wold, ed, Humana Press, 1999. 



29 Tumor cell lines that were used to conduct the experiments described herein are readily available. 

30 For example A549, 293, U20S, DU145, HI 299 cells were obtained from ATCC. HCT1 16-/-, a derivative 

31 of HCT1 16 with p53 gene knock-out is a generous gift from Dr. F. McCormick, UCSF. Cells are grown 
**^-«e«^!^ 32 u "der standard growth conditions, preferrably as mono-layer cultures in Dulbecco's modified Eagle's 

33 medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 ug/ml non-essential amino 

34 acids, 10 U/ml penicillin and 10 ug/ml streptomycin. All adenovirus infections were performed in 
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1 DMEM-high glucose supplemented with 2% FBS, 2 mM L-glutamine, 100 ug/ml non-essential amino 

2 acids, 10 U/mi penicillin and 10 ug/ml streptomycin. 

3 The preferred procedure for constructing the adenoviral Elb-55K mutants of the instant invention 

4 is to make site specific mutations in the adenoviral genome in a plasmid cassette using well established 

5 techniques of molecular biology, or modifications of these techniques, referred to herein. This can be 

6 realized using various materials and methods. 

7 It is noteworthy that while the instant invention is described in terms of adenovirus type 5, it may 

8 be practiced with other similar adenovirus serotypes. The general organization of the adenoviral genome is 

9 conserved among serotypes, and specific functions are similarly situated. 

10 More specifically, we have constructed twenty-six single amino acid substitution mutations in the 

1 1 p53-binding domain and the transcriptional repression domain of the E1B-55K protein. These mutations 

12 were recombined into an infectious virus, dl309, (see, Jones, N and T. Shenk, Cell, 1979, vol.17: p. 683- 

13 689) background and characterized for their abilities to modulate p53 level and activity, interact with the 

14 E4orf6 protein, mediate viral late gene expression and host cell shut-off, rescue the cold sensitive 

15 phenotype, and support virus replication in human cancer cells. Two E1B-55K mutants, R240A and 

16 H260A, appeared to have lost the ability to inactivate p53 but have retained, at least partially, the late 

17 functions of the wild-type protein. R240A fully restored the wild-type replication capacity of ONYX-015 

18 in human cancer cells, while H260A did so partially. The ability to separate the p53-inactivation activity 

19 and the late functions of El B-55K raises the possibility of creating adenovirus variants that replicate more 

20 efficiently than ONYX-015 but retain the tumor selectivity of ONYX-015. 

21 It is important to note that while an embodiment of the instant invention are E1B-55K mutants that 

22 have alanine substituted for arginine and histidine at positions 240 and 260, respectively, another 

23 embodiment is an E1B-55K protein that lacks arginine and histidine at these positions. 

24 While alanine is the preferred amino acid to substitute for arginine and histidine, other amino acids 

25 that have similar hydropathic indices may also be employed. See, for example, Kyte, J. and Doolittle, R., 

26 J. Mol. Biol., vol. 157:pages 105-132 (1982). Amino acid substitutions for arginine and histidine in the 

27 invention E1B-55K protein would be selected based on the relative similarity of the amino acid side-chain 

28 substituents, for example, their hydrophobicity, hydrophilicity, charge, size, and the like. An analysis of 

29 the size, shape and type of the amino acid side-chain substituents reveals that alanine, glycine and serine 

30 are all a similar size; and are defined herein as biologically functional equivalents. 

31 In making such changes, the hydropathic index of amino acids may be considered. Each amino 

32 acid has been assigned a hydropathic index on the basis of their hydrophobicity and charge characteristics, 

33 these are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8); cysteine/cystine (+2.5); 

34 methionine (+1 .9); alanine (+1 .8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine 
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] (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); 
"*•>"■ 2 lysine (-3.9); and arginine (-4.5). 

3 The importance of the hydropathic amino acid index in establishing similar biological function on 

4 a protein is understood in the art ( See, Kyte, J. and Doolittle, R., J. Mol. Biol., vol. 157:pages 105-132, 

5 1982). It is known that certain amino acids may be 

6 substituted for other amino acids having a similar hydropathic index or score and still retain a similar 

7 biological activity. In making changes based upon the hydropathic index, the substitution of amino acids 

8 whose hydropathic indices are within ± 2 is preferred, those which are within *. 1 are particularly preferred, 

9 and those within * . 05 are even more preferred. 

10 It is also understood in the art that the substitution of like amino acids can be made effectively on 

1 1 the basis of hydrophilicity. U.S. Pat. No. 4,554,101 , shows that the greatest local average hydrophilicity of 

12 a protein, as governed by the hydrophilicity of its adjacent amino acids, correlates with its immunogenicity 

13 and antigenicity, i.e. with a biological property of the protein. It is understood that an amino acid can be 

14 substituted for another having a similar hydrophilicity value and still obtain a biologically equivalent 

15 protein. 

16 As detailed in U.S. Patent 4,554, 101, the following hydrophilicity values have been assigned to 

17 amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0^1); glutamate (+3.0*. I); serine (+0.3); 

18 asparagine (+0.2); glutamine (+0.2); glycine (0); threonine (-0.4); proline (-0.5*. 1); alanine (-0.5); histidine 

19 (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5); 

20 leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan (-3.4). 

21 In making changes based upon similar hydrophilicity values, the substitution of amino acids whose 

22 hydrophilicity values are within ± .2 is preferred, those which are within *.l are particularly preferred, and 

23 those within ± .0.5 are even more particularly preferred. 

24 Another aspect of the instant invention is the incorporation of heterologous genes into the 

25 adenoviral genome in a manner so as not to interfer with the expression of the mutant E1B-55K proteins. 

26 Thus, such viruses would contain heterologous genes in the preferred E3 region, and optionally in El A or 

27 E4orf6. Examples of such heterologous genes, or fragments thereof that encode biologically active 

28 peptides, include those that encode immunomodulatory proteins, and prodrug activators (i.e. cytosine 

29 deaminase, thymidine kinase, U.S. Patent Nos. 5,358,866, and 5,677,178). Examples of the former would 

30 include interleukin 2, U.S. Patent Nos. 4,738,927 or 5,641,665; interleukin 7, U.S. Patent Nos. 4,965,195 
,;r.;'^V 31 or 5,328,988; and interleukin 12, U. S. Patent No. 5,457,038; tumor necrosis factor alpha, U.S. Patent Nos. 

32 4, 677, 063 or 5, 773, 582; interferon gamma, U.S. Patent Nos. 4,727,138 or 4,762,791 ; or GM-CSF, 

33 U.S. Patent Nos. 5,393,870 or 5,391 ,485. Additional immunomodulatory proteins further include 

34 macrophage inflammatory proteins, including MIP-3, (See, Well, T. N. and Peitsch, MC. J. Leukoc. Biol 

35 vol. 61 (5): pages 545-50,1997), and cell suicide, or apoptosis inducing proteins, including BAD and BAX. 
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1 See, Yang, E., et al. Cell, vol. 80, pages 285-291 (1995); and Sandeep, R., et al Cell, vol. 91, pages 231- 

2 241 (1997). Monocyte chemotatic protein (MCP-3 alpha) may also be used. A preferred embodiment of a 

3 heterologous gene is a chimeric gene consisting of a gene that encodes a protein that traverses cell 

4 membranes, for example, VP22 or TAT, fused to a gene that encodes a protein that is preferably toxic to 

5 cancer but not normal cells. 

6 The adenoviral E 1 B-55K mutants of the instant invention can also incorporate a tissue (U.S. Patent 

7 No. 5,998,205) or cell cycle specific promoter, including an E2F responsive promoter (PCT/US97/17143) 

8 that will drive the replication of the mutants by controlling a viral gene critical for replication, or the 

9 expression of another gene, preferably a negative selection gene. An example of a tissue specific promoter 

10 includes prostate specific antigen promoter. See, PCT/US95/ 14461 , or U.S. Patent No. 5,698,443. 

1 1 Examples of certain negative selection genes include cytosine deaminase, and thymidine kinase. 

12 Regarding cytosine deaminase, see, U.S. Patent Nos. 5,358,866, and 5,677,178. 

13 For example, a HSV tk gene cassette may be operably linked downstream of an E3 promoter in 

14 one of the invention adenoviral Elb55K mutants. Frequently, it is desirable to delete a nonessential 

15 portion (i.e., for viral replication and packaging) of the adenoviral genome to accommodate the negative 

16 selection cassette; thus a substantial portion of the E3 gene region may be deleted and replaced with a 

17 negative selection cassette such as an HSV tk gene operably linked to either an E3 promoter, or a tissue 

1 8 specific promoter (and enhancer) or other suitable promoter/enhancer. Alternatively, a negative selection 

19 gene may be operably linked to an adenovirus late region promoter to afford efficient expression of the 

20 negative selection gene product in cells expressing a replication phenotype characterized by transcription 

21 from late gene promoters. 

22 Expression of the HSV tk gene in a cell is not directly toxic to the cell unless the cell is exposed to 

23 a negative selection agent such as gancyclovir or FIAU. Infected cells expressing a replication phenotype 

24 wherein a negative selection gene is substantially expressed may produce essentially no additional 

25 cytotoxicity until the negative selection agent (e.g., gancyclovir) is administered in an effective selective 

26 dosage, at which time the infected cells expressing the tk gene and the surrounding tumor cells will be 

27 selectively ablated; thus negative selection can be used for enhanced cytopathic killing and/or to damp out 

28 further viral replication by killing cells exhibiting a replicative phenotype. 

29 A preferred embodiment is an HSV tk gene cassette (Zjilstra et al. (1989) Nature 342:435; 

30 Mansour et al. (1988) Nature 336: 348; Johnson et al. (1989) Science 245 : 1234: Adair et al. (1989) Proc. 

31 Natl. Acad. Sci (U.S.A.) 86: 4574; Capecchi, M. (1989) Scjence 244:1288, incorporated herein by 
"^^m^. 32 reference) operably linked to an appropriate promoter and/or enhancer with a polyadenylation site to form 

> ^ : v.;.. 33 a tk expression cassette. The tk expression cassette (or other negative selection expression cassette) is 

34 inserted into the adenoviral genome, for example, as a replacement for a substantial deletion of the E3 

35 region. 



ONYX 1 047/Specification/1 047-US I 



14 



Attorney Docket: ONYX1047-US 

1 Therapeutic Methods 

2 Therapy of disease, preferably neoplastic disease, wherein the disease arises from a loss of p53 or 

3 a defect in the p53 pathway, may be afforded by administering to a patient a composition comprising 

4 adenoviral E1B55K mutants of the invention, and further comprising a negative selection gene. Examples 

5 of the latter would include cytosine deaminase and thymidine kinase. 

6 Various human neoplasms may be treated with the invention adenoviral constructs, particularly in 

7 those instances when another region of the viral genome, preferrably the E3 region, encodes a protein 

8 useful for gene therapy of disease. An example would be a cytokine, preferably an interleukin. For 

9 example, but not by way of limitation, a human patient or nonhuman mammal having a bronchogenic 

10 carcinoma, nasopharyngeal carcinoma, laryngeal carcinoma, small cell and non-small cell lung carcinoma, 

1 1 lung adenocarcinoma, hepatocarcinoma, pancreatic carcinoma, bladder carcinoma, colon carcinoma, breast 

12 carcinoma, cervical carcinoma, ovarian carcinoma, or lymphocytic leukemias may be treated by 

13 administering an effective antineoplastic dosage of an appropriate adenovirus. Suspensions of infectious 

14 adenovirus particles may be applied to neoplastic tissue by various routes, including intravenous, 

15 intraperitoneal, intramuscular, subdermal, and topical. An adenovirus suspension containing about 10 3 to 

16 10 14 or more virion particles per ml may be inhaled as a mist (e.g., for pulmonary delivery to treat 

17 bronchogenic carcinoma, small-cell lung carcinoma, non-small cell lung carcinoma, lung adenocarcinoma, 

18 or laryngeal cancer) or swabbed directly on a tumor site for treating a tumor (e.g., bronchogenic 

19 carcinoma, nasopharyngeal carcinoma, laryngeal carcinoma, cervical carcinoma) or may be administered 

20 by infusion (e.g., into the peritoneal cavity for treating ovarian cancer, into the portal vein for treating 

21 hepatocarcinoma or liver metastases from other non-hepatic primary tumors) or other suitable route, 

22 including direct injection into a tumor mass (e.g., a breast tumor), enema (e.g., colon cancer), or catheter 

23 (e.g., bladder cancer). 

24 The invention adenovirus mutants may be further evaluated by their capacity to reduce 

25 tumorigenesis or neoplastic cell burden in nvJnu mice harboring a transplant of neoplastic cells, as 

26 compared to untreated mice harboring an equivalent transplant of the neoplastic cells. 

27 Adenoviral therapy using the instant invention E1B 55K mutant viruses may be combined with 

28 other antineoplastic protocols, such as conventional chemotherapy. Also, in the event that the instant 

29 adenoviral mutants elicit an immune response that dampens their effect in a host animal they can be 

30 administered with an appropriate immunosuppressive drug. 

31 Propagation of Mutant Adenovirus 

&Ma$b&x&g« 32 Adenoviral mutants of the invention typically are propagated as viral stocks in a cell line (e.g., the 

33 293 cell line ATCC # CRL 1573, American Type Culture Collection, Rockville, MD; Graham et al. (1977) 

34 J. Gen. Virol. 36: 59, or A549 cells) that can provide certain desired viral functions, if needed, in trans to 

35 support replication and formation of infectious mutant virions. 
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1 Formulations 

2 Adenovirus E1B-55K mutants may be formulated for therapeutic and diagnostic administration to 

3 a patient. For therapeutic or prophylactic uses, a sterile composition containing a pharmacologically 

4 effective dosage of one or more species of adenovirus mutant is administered to a human patient or 

5 veterinary non-human patient for treatment, for example, of a neoplastic condition. Generally, the 

6 composition will comprise about 10 3 to 10 15 or more adenovirus particles in an aqueous suspension. A 

7 pharmaceutical^ acceptable carrier or excipient is often employed in such sterile compositions. A variety 

8 of aqueous solutions can be used, e^, water, buffered water, 0.4% saline, 0.3% glycine and the like. 

9 These solutions are sterile and generally free of particulate matter other than the desired adenoviral virions. 

10 The compositions may contain pharmaceutically acceptable auxiliary substances as required to 

1 1 approximate physiological conditions such as pH adjusting and buffering agents, toxicity adjusting agents 

12 and the like, for example sodium acetate, sodium chloride, potassium chloride, calcium chloride, sodium 

13 lactate, etc. Excipients which enhance infection of cells by adenovirus may be included. 

14 Adenoviruses of the invention, or the DNA contained therein, may be delivered to neoplastic cells 

15 by liposome or immunoliposome delivery; such delivery may be selectively targeted to neoplastic cells on 

16 the basis of a cell surface property present on the neoplastic cell population (e.g., the presence of a cell 

17 surface protein which binds an immunoglobulin in an immunoliposome). Typically, an aqueous 

18 suspension containing the virions are encapsulated in liposomes or immunoliposomes. For example, a 

19 suspension of adenovirus virions can be encapsulated in micelles to form immunoliposomes by 

20 conventional methods (U.S. Patent 5,043, 164, U.S. Patent 4,957,735, U.S. Patent 4,925,661 ; Connor and 

21 Huang (1985) J. Cell Biol. 101 : 582; Lasic DD (1992) Nature 355: 279; Novel Drug Delivery (eds. 

22 Prescott LF and Nimmo WS: Wiley, New York, 1989); Reddy et al. (1992) J. Immunol. 148 : page 1585). 

23 Immunoliposomes comprising an antibody that binds specifically to a cancer cell antigen (e.g., CALLA, 

24 CEA) present on the cancer cells of the individual may be used to target virions, or virion DNA to those 

25 cells. 

26 The compositions containing the present adenoviruses or cocktails thereof can be administered for 

27 prophylactic and/or therapeutic treatments of neoplastic disease. In therapeutic application, compositions 

28 are administered to a patient already affected by the particular neoplastic disease, in an amount sufficient 

29 to cure or at least partially arrest the condition and its complications. An amount adequate to accomplish 

■4 

30 this is defined as a "therapeutically effective dose" or "efficacious dose." Amounts effective for this use 

31 will depend upon the severity of the condition, the general state of the patient, the route of administration 

32 and the potency of the virus? 

33 In prophylactic applications, compositions containing the invention adenoviruses, or cocktails 

34 thereof, are administered to a patient not presently in a neoplastic disease state to enhance the patient's 

35 resistance to recurrence of a neoplasm or to prolong remission time. Such an amount is defined to be a 
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1 "prophylactically effective dose." In this use, the precise amounts again depend upon the patient's state of 

2 health and general level of immunity. 

3 Single or multiple administrations of the compositions can be carried out with dose levels and 

4 pattern being selected by the treating physician. In any event, the pharmaceutical formulations should pro- 

5 vide a quantity of the antineoplastic adenoviruses of this invention sufficient to effectively treat the patient. 

6 Antineoplastic adenoviral therapy of the present invention may be combined with other 

7 antineoplastic protocols, such as conventional chemotherapy. The preferred chemotherapeutics are 

8 cisplatin and 5-fluorouracil. Chemotherapy may be administered by methods well known to the skilled 

9 practitioner, including systemically, direct injection into the cancer, or by localization at the site of the 

10 cancer by associating the desired chemotherapeutic agent with an appropriate slow release material or 

1 1 intra-arterial perfusing the tumor. 

12 The preferred chemotherapeutic agent is cisplatin, and the preferred dose may be chosen by the 

13 practitioner based on the nature of the cancer to be treated, and other factors routinely considered in 

14 administering cisplatin. Preferably, cisplatin will be administered intravenously at a dose of 50-120 mg/m 2 

15 over 3-6 hours. More preferably it is administered intravenously at a dose of 80 mg/m 2 over 4 hours. 

16 Additionally, it is administered preferably on day 1 of treatment with adenovirus. 

17 A second chemotherapeutic administration regime which is the combination of cisplatin with 5- 

18 fluorouraciL The preferred dose of 5-fluorouracil is 800-1200 mg/m 2 per day for 5 consecutive days 

19 (continuous infusion). 

20 The Examples which follow are illustrative of specific embodiments of the invention, and various 

21 uses thereof They are set forth for explanatory purposes only, and are not to be taken as limiting the 

22 invention. 

23 Example 1 

24 Construction of E1B-55K Mutant Viruses 

25 All E1B-55K mutants were generated using Stratagene's QuikChange™ Site-Directed 

26 Mutagenesis Kit following the manufacturer's recommended protocol. For each mutation, a forward 

27 primer and a reverse primer were used. The mutations and their respective primers are summarized in 

28 Table 2, below. Briefly, 20ng of pXC-1 was used as the template arid the cycling parameters were as 

29 follows: 1 cycle of 95°C for 30 seconds, 16 cycles of 95°C for 30 seconds, 55°C for 1 minute and 68°C for 

30 20 minutes. The plasmid pXC-1 was obtained from Microbix Biosystems, Inc., located at 341 Bering 

31 Avenue, Toronto, Ontario Canada and contains the entire El region, E1A and E1B, The parental DNA 

32 vvas digested by adding 10 U of Dpn I to each sample and incubating for 1 h at 37 °C. Final products were 

33 transformed into XL-1 cells (Stratagene Corp.), and confirmed by DNA sequencing. 

34 Viruses were constructed by co-transfecting pJM17 with plasmids containing the mutations 

35 (Microbix Biosystems, Inc., located at 341 Bering Avenue, Toronto, Ontario Canada; McGrory, W. J., et 
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al., Virology, 1988, vol. 163: p. 614-617) into 293 cells. Two rounds of plaque purification were done to 
rule out wild-type contamination. Mutations were confirmed by PCR followed by sequencing of the E1B- 
55K region. All viruses, including wild typeD, d!309 and ONYX-015, and the Elb-55K mutant viruses, 
were propagated in 293 cells, purified on CsCl gradients (as described in Adenovirus Methods and 
Protocols , edited by William S. M. Wold, 1999, Humana Press), and quantified by plaque assays and/or 
ELISA. The virus dI309 is described by Jones, N., and T. Shenk, Cell, 1979, vol.17: p. 683-689. 



Table 2. 


Virus 


Mutation 


Primer sequences 


ONYX-051 


R240A 


GTTATTATGAATGTAGCGTTTACTGGCCCC 






GGGGCCAGTAAACGCTACATTCATAATAAC 2 


ONYX-052 


T255A 


GTTTTCCTGGCCAATGCCAACCTTATCCTACAC i 






GTGTAGGATAAGGTTGGCATTGGCCAGGAAAAC H 


ONYX-053 


H260A 


CCAACCTTATCCTAGCCGGTGTAAGCTTC r 






GAAGCTTACACCGGCTAGGATAAGGTTGG 


ONYX-054 


C271A 


GGGTTTAACAATACCGCCGTGGAAGCCTGG 






CCAGGCTTCCACGGCGGTATTGTTAAACCC 


ONYX-056 


R281A 


CGAlGlAAGGGlTGCGGGClGrGCCrrnAC < 






GTAAAAGGCACAGCCCGCAACCCTTACATCG 


ONYX-057 


G282A 


GTAAGGGTTCGGGCCTGTGCCTTTTAC 






GTAAAAGGCACAGGCCCGAACCCTTAC 


ONYX-058 


A284A 


GTAAGGGTTCGGGGCTGTTCCTTTTACTGCTGCTGGAAGG ^ 






CCTTCC AGCAGCAGTAAAAGGAACAGCCCCGAACCCTTAC t y 


ONYX-059 


F285L 


GGTTCGGGGCTGTGCCTTATACTGCTGCTGGAAGGGG 






CCCCTTCC AGC AGC AGTATAAGGCACAGCCCCGAACC 


ONYX-060 


C288A 


GGGCTGTGCCT IT 1 AC 1 GCGCC 1GG AAGGGGG TGGTGTG 






CACACCACCCCCTTCCAGGCGCAGTAAAAGGCACAGCCC 


ONYX-061 


W289F 


GCTGTGCCTTTTACTGCTGCTTTAAGGGGGTGGTGTGTCGC yf 






GCGACACACCACCCCCTTAAAGCAGCAGTAAAAGGCACAGC ^ 


ONYX-062 


W289A 


GCTGTGCCTTTTACTGCTGCGCGAAGGGGGTGGTGTGTCG 






CGACACACCACCCCCTTCGCGCAGCAGTAAAAGGCACAGC 3v 


ONYX-063 


K290A 


CTGCTGCTGGGCGGGGGTGGTG a ^ 






C ACC ACCCCCGCCCAGCAGCAG 


ONYX-064 


R295A 


TGGAAGGGGGTGGTGTGTGCCCCCAAAAGC AGGGCTTC 7 , 






G AAGCCCTGCTTTrGGGGGC AC AC ACC ACCCCCTTCC A 


ONYX-065 


K297A 


GGTGGTGTGTCGCCCCGC AAGC AGGGCTTC AATT AAG AAATG a H 






C ATTTCTTAATTGAAGCCCTGCTTGCGGGGCGAC AC ACC ACC x v 


ONYX-066 


K303A 


CCAAAAGCAGGGCTTCAATTGCGAAATGCCTCTTTGAAAGGT 
G 






CACCTTTC AAAGAGGC ATTrCGC AATrGAAGCCC'IGCITTTGG , * 


ONYX-067 


E308A 


CTTCAATTAAGAAATGCCTCTTTGCAAGGTGTACCTTGGGTAT 
CC 






GGATACCCAAGGTACACCTTGCAAAGAGGCATTTCTTAATTG 
AAG >^ 
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ONYX-068 


R309A 


TCAATTAAGAAATGCCTCTTTGAAGCGTGTACCTTGGGTATCC 
TGTC y 






GACAGGATACCCAAGGTACACGCTTCAAAGAGGCATTTCTTA 
ATTGA n< 


ONYX-069 


E317A 


TACCTTGGGTATCCTGTCTGCGGGTAACTCCAGGGTGCG 








CGCACCCTGGAGTTACCCGCAGACAGGATACCCAAGGTA 




ONYX-070 


G318A* 


TACCTTGGGTATCCTGTCTGAGGCTACCTCCAGGGTCCGCC 


i' 






GGCGGACCCTGGAGGTAGCCTCAGACAGGATACCCAAGGTA .■ 


ONYX-071 


G318A- 


TACCTTGGGTATCCTGTCTGAGGCTAACTCCAGGGTGCGCC 


\' 




N 


GGCGCACCCTGGAGTTAGCCTCAGACAGGATACCCAAGGTA 


a' 


ONYX-080 


E421A 


CTAAGATATTGCTTGAGCCGGCGAGCATGTCCAAGGTGAAC 








GTTCACCTTGGACATGCTCGCCGGCTCAAGCAATATCTTAG 


ONYX-081 


K425A 


GAGCCCGAGAGCATGTCCGCGGTGAACCTGAACGGGG 








CCCCGTTCAGGTTCACCGCGGACATGCTCTCGGGCTC 




UiN I A-UoZ 


T\A 11 A 


GAACCTGAACGGGGTGTTTGCCATGACCATGAAGATCTGG 








CCAGATCTTCATGGTCATGGCAAACACCCCGTTCAGGTTC 




ONYX-083 


K440A 


CCATGAAGATCTGGGCGGTGCTGAGGTAC 








GTACCTCAGCACCGCCCAGATCTTCATGG 




ONYX-084 


R443A 


GGAAGGTGCTGGCGTACGATGAGACC 








GGTCTCATCGTACGCCAGCACCTTCC 




ONYX-085 


Y444A 


GGAAGGTGCTGAGGGCCGATGAGACCCGC 








GCGGGTCTCATCGGCCCTCAGCACCTTCC 





Table 2. continued 



* Onyx-070 had two amino acids changed: Gly 318 to Ala, and Asn 319 to Thr. 

Example 2 

Binding of E1B-55K mutants with p53 and E4orf6 

The twenty six mutant adenovirues produced as described in Example 1 were initially screened to 
determine their effect on the steady-state levels of p53 in A549 cells. The rationale for conducting this 
experiment is that E1B-55K collaborates with E4orf6 to target p53 for active degradation. Thus, to identify 
E1B-55K mutants that lack this activity, we examined the steady-state level of p53 in infected A549 cells 
by Western blotting analysis (Fig. 1). Similar experiments were done with Onyx 015, wild type D (WtD) 
adenovirus, and d!309. 

Western blotting analysis was carried out as follows. A549 cells were infected with various 
viruses at an MOI of 10. At 24 h post-infection, the cells were lysed in SDS gel loading buffer (lOOmM 
Tris-Cl [pH 6.8], 5 mM EDTA, 1% SDS, 5% beta-mercaptoethanol). Proteins were fractionated by 
electrophoresis on Bio-Rad pre-cast protein gels. After electrophoresis, the proteins were 
electrophoretically transferred to nylon membranes. Blots were then incubated with antibodies diluted in 
PBS containing 1% dry milk and 0.1% Tween-20, and visualized by ECL (Amersham). Anti-p53 antibody 
DO-1 (Calbiochem) was diluted 1 : 1 ,000; anti-E!B-55K antibody 2A6 (Sarnow, P., et al., Cell, 1982, vol. 
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1 28: p. 387.) and anti-E2A antibody B6-6 (provided by Dr. Levine, Rockefeller University) were used as 

2 tissue culture supernatents, and diluted 1:10 before use. Anti-fiber antibody was diluted 1: 1000. 

3 Figure 1 shows the results. In cells infected with dl309 or WtD, the p53 level was significantly 

4 reduced due to the targeted degradation mediated by E1B-55K and E4orf6. In contrast, cells infected with 

5 ONYX-0I5 exhibited an increase in p53 level. Most viral mutants caused a decrease in the level of p53. 

6 However, cells infected with the mutant E1B-55K viruses ONYX-051 and Onyx 053 (expressing E1B-55K 

7 mutants R240A and H260A, respectively) displayed a significant increase in p53 levels as compared to 

8 mock-infected A549 cells. All of the mutant adenoviruses accumulated E1B-55K protein to equivalent 

9 levels upon infection (Fig. 1). This observation suggest that two of the adenoviral EIB-55K mutants, 

10 R240A and H260A fail to bind p53 and/or E4orf6. 

1 1 This was confirmed by directly examining the ability of the E1B-55K mutants R240A and H260A 

12 to interact with p53 by immunoprecipitation experiments using S 35 -labeled cell extracts from infected 

13 A549 cells (Fig. 2). These experiments were carried out as follows. A549 cells were infected at an MOI of 

14 10 with the appropriate E1B-55K adenoviral mutant. At 24 h post-infection, cells were radio-labeled for 3 

15 hours at 37 °C with methionine- and cysteine-free DMEM supplemented with 2% dialyzed fetal bovine 

16 serum and 100 uCi/ml of [35S]-express labeling mix (DuPont). Labeled cells were washed with cold 

17 saline, harvested and solubilized in 50 mM Tris-Cl (pH 8.0), 5 mM EDTA, 150 mM NaCl, 0.5% NP-40, 3 

18 mM 2-mercaptoethanol, and IX EDTA-free protease inhibitor mix (Boehringer Mannheim). Cells lysates 

19 were cleared by micro-centrifugation for 10 min. Immunoprecipitations were carried out as described 

20 previously (Shen, Y. and T. Shenk, Proc. Natl. Acad. Sci. USA, 1994, vol. 91: p. 8940-8944). Antibodies 

21 against p53 (mAb421) or E1B-55K (2A6) were used to bring down the protein complex. Proteins were 

22 separated by 4-20% SDS-PAGE gradient gel (Bio-Rad), and visualized by autoradiography. 

23 The results are shown in Figures 2A and 2B. Anti-p53 antibody mAb421 co-precipitated small 
-£ 24 amount of wild-type E1B-55K protein from dl309 and WtD-infected cells, as expected (Fig. 2A). Both 

25 R240A and H260A mutant proteins were also co-precipitated, indicating they are capable of binding p53. 

26 Immunoprecipitation with the anti-ElB-55K antibody 2A6 brought down E1B-55K proteins (Fig. 2B), but 

27 it is hard to determine whether p53 was co-precipitated, as both proteins share similar molecular weights, 
> 28 and the E1B-55K protein was much more abundant. It is interesting to notice that the amounts of p53 in 

29 ONYX-05 1 and 053 infected cells as detected by immunoprecipitation were lower than in mock-infected 

30 cells, whereas in Western analysis, the p53 level is higher in ONYX-051 and 053 infected cells. This is 

3 1 due to the fact that Western blotting analysis detects the steady-state level of p53, whereas 
&&&*&8&9d. 3 2 immunoprecipitation only detects newly synthesized p53. Thus, R240A and H260A were able to mediate 

33 host cell shut-off (see below), causing p53 to be synthesized at a lower rate than in mock-infected cells. 

34 The slow rate of synthesis for p53 and its higher steady-state level in cells that are infected with ONYX- 

35 051 and 053 again confirms that these viruses have lost their ability to target p53 for degradation. 
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1 An additional experiment was done to ensure that the differences in the levels of p53 in various 

2 cell extracts was not affecting the binding efficiency of the various E1B-55K mutant proteins to p53 from 

3 the co-immunoprecipitation experiment described above. Thus, in order to more accurately compare the 

4 binding efficiency of different E1B-55K mutant proteins to p53, we adopted an in vitro binding assay 

5 (Wienzek, S., et al., J. Virol., 2000, vol. 74: p. 193-202). Lysates of A549 cells infected with various 

6 adenoviruses were incubated with in- vitro [35S]-labeled p53, and the anti-El B-55K antibody, 2A6, was 

7 used for immunoprecipitation. It is apparent from this experiment (Fig. 2C) that R240A and H260 bind 

8 p53 with significantly lower affinity than the wild-type E1B-55K protein. This inefficient precipitation of 

9 p53 was not due to lower level of mutant E1B-55K protein in cells infected with ONYX-05 1 or 053: 

10 Western analysis confirmed that similar or slightly higher level of El B-55K was present in cell extracts 

1 1 derived from ONYX-05 1 and 053 infected cells (Fig. 2D). The inefficient binding of R240A and H260A 

12 to p53 may explain, at least in part, why p53 was not efficiently targeted for degradation in cells infected 

13 with ONYX-05 1 and 053. 

14 In addition to the E1B-55K protein binding to p53, thus blocking p53-mediated transcription 

15 activation, E1B-55K collaborates with another adenovirus protein, E4orf6, to target p53 for active 

16 degradation in the cytoplasm. A further experiment was conducted to confirm the altered binding activity 

17 of the E1B-55K mutants to p53 by assessing their affects on relocating p53 to the cytoplasm. Thus, 

18 immunofluorescent staining of p53 and E1B-55K was conducted to determine whether the E1B-55K 

19 mutants R240A (Onyx 051) and H260A (Onyx 053) are able to relocate p53 to the cytoplasm (Fig. 3). 

20 The experiment was conducted as follows. A549 and U20S cells were seeded on Lab-Tek R II 

.? 2 1 Chamber slides the day before infection to roughly 60% confluency. Cells were then infected at MOI of 

22 10 with the following viruses: dl309, Onyx015, Onyx-051 (R240A), and Onyx-053 (H260A). Twenty four 

23 hours post infection, cells were washed with PBS and fixed for 30 min at room temperature using 4% 

24 formaldehyde in PBS. Cells were permeabilized and blocked with phosphate-buffered saline (PBS) 

25 supplemented with 0. 1 % Triton X- 100, 0.05% Tween-20, and 10% goat serum for 30 minutes at room 

26 temperature, and then incubated for 1 hour at room temperature with properly diluted primary antibodies. 

27 All antibodies were diluted in the permeabilization/blocking solution. p53 antibody DO-1 (Calbiochem) 

28 was diluted 1:100; anti-ElB-55K antibody 9C10 (Calbiochem) was diluted 1:100, and a rabbit anti-E4orf6 

29 antibody 1807-3 (a generous gift from Philip E. Branton) was diluted 1:500. Antigens were visualized 

30 with Alexa Fluor (red)-coupled secondary antibody (Molecular Probes). 

31 Figure 3 shows the results. In mock infected A549 cells, p53 was detected exclusively in the 
i^^mmi 32 nuclei. In cells infected with the wild-type virus dl309, p53 was present at a very low level, exclusively in 

33 the cytoplasm, and co-localized with the El B-55K protein. Infection with ONYX-01 5 resulted in an 

34 elevated level of p53 localized in cell nuclei, as expected. In A549 cells infected with the R240A mutant 

35 virus (ONYX-051), p53 level was elevated (compare ONYX-051 and mock) in the nuclei, as in the case of 
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1 ONYX-015 infection. This is consistent with the fact that R240A binds p53 very weakly. In contrast, 

2 approximately two-thirds of the cells infected with ONYX-053 (H260A) had undetectable levels of p53, 

3 whereas the rest showed high levels of p53 in the nuclei. It is possible that this may reflect the cell cycle 

4 status of the cells when they were infected. In U20S cells (which harbor wild-type p53), p53 was present 

5 at high levels in the nuclei when infected with ONYX-015, 051 and 053, but present in low levels when 

6 infected with dl309. These results further support the observation that the invention E1B-55K mutants 

7 ONYX-05 1 , and ONYX-053 show substantially reduced binding of p53, and transport to the cytoplasm. 

8 Example 3 

9 Effects of E1B-55K Mutations on Late Viral Functions 

10 Cold Sensitivity. It is known that the replication of adenoviruses that have partial or complete 

1 1 deletion of the E1B-55K gene is temperature dependent (Leppard, K. N., J. Gen. Virol., 1993, vol. 74: p. 

12 575-582; Goodrum, F. D and D. A. Ornelles, J. Virol., 1998, vol. 72: p. 9479-9490; and, Harada, J. N. and 

13 A. J. Berk, J. Virol., 1999, vol. 73: p. 5333-5344). At 39 °C, they replicate nearly as well as the wild-type 

14 adenovirus. However, at 32 °C, their replication is significantly reduced compared to the wild-type virus. 

15 This cold-sensitive phenotype of the EIB-55K defective viruses is interpreted to reflect the more severe 

16 defects in mRNA transport or late gene expression at the colder temperature (Goodrum, F. D. and D. A. 

17 Ornelles, J. Virol., 1998, vol. 72: p. 9479-9490; and, Harada, J. N. and A. J. Berk, J. Virol., 1999, vol. 73: 

18 p. 5333-5344). To find out whether our E1B-55K mutants ONYX-051 (R240A) and ONYX-053 

19 (H260A) can rescue the cold-sensitive phenotype, we performed the cold-sensitivity assay, using dl309 

20 and ONYX-015 as controls (Fig. 4). 

21 The cold sensitivity assay was conducted as follows. Infections of HI 299 ceils were performed at 

22 two temperatures, 32 °C and 39 °C. Infections at 32 °C were perforn d at 1 hour after the temperature 

23 shift from 39 °C. All infections were at an MOI of 5. Infected cells were incubated at 32 °C and 39 °C, 

24 respectively. At the indicated times, infected cells and culture media were harvested, pooled, and freeze- 

25 thawed 3 times to release virus particles. Viral yields were determined by ELISA on 293 cell monolayer. 

26 Figure 4 shows the results. At 39 °C, all viruses replicated to similar extent. The yield of d!309 

27 was approximately 4-fold higher than that of ONYX-015, and the yields of ONYX-051 and ONYX-053 

28 fell in between. At 32 °C, however, the ONYX-015 yield was reduced nearly 35-fold compared to that of 

29 dl309, which is consistent with the previous reports. Replication of ONYX-051 was essentially identical 

30 to that of dl309, while replication of ONYX-053 was slightly reduced (4-fold). These results indicate that 

31 mutant R240A can completely rescue the cold-sensitive phenotype of the ElB-55K-defective adenovirus, 
mmmmm 32 whereas H260A does so substantially. 

33 Total Protein Expression. An experiment was done to determine total protein expression during the 

34 late phase of viral infection. The rationale being that if the Elb-55K mutants that do not bind p53, but 

35 maintain late viral functions then such mutants, Onyx 051 and Onyx 053, should have a total protein 
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1 expression pattern similar to dl309 or WtD. The protein expression pattern should also be distinguishable 

2 from Onyx 015, which does not bind p53, and lacks late viral functions. 

3 The experiment was conducted as follows. A549 cells were either mock infected or infected with 

4 various adenovirus mutants, or Onyx 015, dl309 or WtD at an MOI of 10. At 24 h post-infection, cells 

5 were labeled with [ 35 S] methionine-cysteine for a 3 hour period. Labeled cells were washed with cold 

6 saline, harvested and solubilized in 50 mM Tris-Cl (pH 8.0), 5 mM EDTA, 150 mM NaCl, 0.5% NP-40, 3 

7 mM beta-mercaptoethanol, and IX EDTA-free protease inhibitor mix (Boehringer Mennheim). Cleared 

8 ceil extracts were resolved by SDS-PAGE (4-20%) and visualized by autoradiography. 

9 Figure 5 shows the results. Expression of late viral proteins was efficient in d!309 and WtD 

10 infected cells, but poor in ONYX-015 infected cells. At the same time, de novo synthesis of the cellular 

1 1 proteins was reduced in cells infected with d!309 and WtD, compared to mock infection, due to host cell 

12 shutoff, but not in ONYX-015 infected cells. The protein synthesis profile in cells infected with ONYX- 

13 053 and 053 was similar to that in cells infected with wild-type viruses dI309 and WtD. This observation 

14 suggests that Onyx 05 1 (mutant R240A) and Onyx 053 (H260A) are capable of modulating mRNA 

15 trafficking in favor of late viral mRNA nuclear export. 

16 Taken together, these results show that the El B-55K mutants Onyx 05 1 (mutant R240A) and 

17 Onyx 053 (H260A) maintain the normal late functions of the wild-type protein. 

18 Example 4 

19 Cytotoxic Activity of Adenoviral E1B-55K Mutants 

20 Each E1B-55K mutant virus was tested for its ability to replicate in, and kill, the human tumor cell 

21 lines U20S and DU145. The experiment was conducted as follows. An MTT assay was used in which the 

22 multiolicity of infection (MOI) at which 50% of the cells were killed was determined. DU145 and U20S 

23 cells were seeded into 96- well plates at a density of 2.5 x 10 3 cells/well using DMEM-High Glucose 

24 supplemented with 2% FBS, 2 mM L-Glutamine, 100 ug/ml non-essential amino acids, 10 U/ml penicillin 

25 and 10 ug/ml streptomycin. The cells were infected twenty-four hours after seeding with the E1B-55K 

26 mutant viruses, or dl309 and ONYX-015. Infections started at an MOI of 30, with serial 3-fold dilutions, 

27 Infected cells were incubated at 37°C and monitored daily. Incubation time was determined empirically. 

28 MTT assays were performed using Promega's CellTiter 96 R Non-Radioactive Cell Proliferation Assay 

29 according to the manufacturer's instructions. 

30 Figure 6 shows the results. In both cell lines, ONYX-015 was severely attenuated as compared to 

31 its wild-type counterpart, d!309. Among the viruses that we created for this study, most, including ONYX- 
^*&m*m*& 32 05 1 , were comparable to dl309 in their ability to infect and kill tumor cells, though some, ONYX-053, 083 

33 and 085, were significantly less potent than the wild-type virus, but more active than ONYX-015. In the 

34 case of ONYX-053, its tumor cytolytic activity was 35- to 100-fold lower than that of dl309, but more 

35 active than ONYX-01 5 by a factor of 4- to 5-fold. 
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1 Although the present invention has been described in some detail by way of illustration for 

2 purposes of clarity of understanding, it will be apparent that certain changes and modifications may be 

3 practiced within the scope of the claims. 
4 



ONYX 1 047/Specification/l047-US I 



24 



